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t '  

P l a t e  I. Psilotwn, one of two l i v i n g  genera i n  the  P s i l o t a l e s .  

This  group belongs with the  o ldes t  known land vascu la r  p l an t s  going 

back i n  f o s s i l  form t o  mid-Devonian times. I t s  l i g n i n  may represent  

t h e  modern form of the  most p r i m i t i v e  type i n  exis tence,  (approximate 

s i ze ,  70% of l i f e  s i ze ) .  



P l a t e  11. Cucumber seed l ings  germinated under water  w i t h  10,000 

ppm s a l i n i t y .  They a r e  seen he re  with shoots  emerging i n t o  t h e  a i r ,  

but  note  r o o t s  a l s o  doing so. ca. Twice l i f e  s i z e .  
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Introduction 

This report  presents the f i r s t  phase of our pre-flight program 

under &??ant NGR 12-001-953, 

pre-fl ight period is obv%ow--the establishment of a workable b a s i s  

f o r  an eventual o r b i t a l  experiment-the objectives of the present study 

also tend natural ly  to  act as a col lect ing point for addi t ional  

exploratory and supportive experiments for the bas ic  hypothesis l inking 

gravitational--mechanical stresses with l ignif icat ion.  These 

''background" studies have thus f a r  f a l l en  i n t o  two main categories; 

namely comparative biochemical and evolutionary o r  phylogenetic 

aspects of l ign i f ica t ion  and preliminary, general biological  experimente 

under hyper-g conditions. 

evalution is an essent ia l  for the  i n t e l l i g e n t  formulation of new 

experiments and interpretat ions of current and future r e su l t s  i n  t h e i r  

broadest terns. 

here involve a key enzyme i n  lignin polymer formation, peroxidase, 

which i t s e l f  shows d i f f e ren t i a l  evolution among the several  a lga l  

groups-evolution away from the a b i l i t y  t o  oxidize l ignin precursor 

type s t ruc tures  i n  the non-green groups and retent ion of t h i s  

capabili ty i n  the green algae. 

Wnile the overal l  objective of the 

The continued implementation of biochemical 

The items of biochemical-phylogenetic import presented 

An important question pertaining to  l ign i f ica t ion  has apparently 

been answered with the discovery of l ign in  in..giant gametophyte 

s tages  of nat ive  New Zealand w s 8 e s .  

typical  North American mosses only millimeters o r  a few centimeter6 

i n  height plus t h e i r  presence i n  subs tan t ia l  amounts i n  species 30 cm. 

in heighf or  more suggests that l ign i f ica t ion ,  although a gross 

taxonomic and phylogenetic feature  of plants,  may also be adaptive, 

The absence of lignin f r o a  



Hyper-g experiments are an essential phase of any gravi ta t iona l  

study, but must be t rea ted  as an addition t o  hypo-g s tudies ,  and i n  

no way as a replacement f o r  hypo-g o r  zero-g effects. Growth and 

surv iva l  s tud ies  with inaect  larvae and seedlings are reported with 

responses of mangrove seedlings to centr i fugal  stress. 

The second major section of this report  is based upon an initial 

few pre-f l ieht  experiments. 

proceeding are intended to  examine the behavior of the test p lan t  

selected--cucumber--under conditions relevant to  hypo-g cul t ivat ion,  

to f l i g h t  parameters, o r  both. 

experiments involving or ientat ion,  clinos tat  technique, and buoyant 

media such as water. There are questions as t o  t h e  similarities i n  

c l inos t a t  and water cul ture  methods i n  terms of plant response, and 

t o  the extent  tha t  they d i f f e r ,  which is a more va l id  gxound-based 

approach t o  hypo-g or weightless conditions. 

firmly answered yet.  

the  program t o  be  reported i n  1 May 1969. 

include the substratum f o r  seeds, containers, command module average 

or representative conditions of temperature, pressure, etc. 

evaluation will be superimposed upon the hypo-g experiments as they 

progress, but some are subjec t  to  separate study now. 

These experirents,  and those now 

Under relevant conditions, we include 

These questions axe not 

We hope that  they w i l l  be i n  the next phase of 

Pre-fl ight parameters 

Their 

Although it has been shown tha t  c l inos t a t  and shorp term o r b i t a l  

hypo-g conditions in Biosa te l l f te  I1 were a t  least qua l i ta t ive ly  

s imi la r  i n  wheat root and pepper p lan t  assays, the ground-based 

h is tory  of the p lan ts  and shor t  duration of o r b i t a l  f l i g h t  were 
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complicating factors. 

a workable procedure sui table for s tartinp, in-flight with dormant seed 

and allowing seedling growth to proceed for two f u l l  weeks, i f  

possible, without attention unti l  completion of the mission. 

We hope to eliminate these problem and establish 
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A-1 (a) Anomalous Substrate Patterns in Peroxidases From Red and 

Brown Algae 

Peroxidase from horseradish, pea, and other vascular plants oxidizes 

guaiacylpropenes, e.g,, eugenol and coniferaldehyde, to lignins in situ 

(Table A-1-1). 

derivatives, alkylphenols, monophenols, aromatic amines, pyrogallol and 

iodide. Peroxidases in green algae-e. g., Codium, Ulva, Nitella--resemble 

horseradish peroxidase, whereas 2 brawn algae and 8 out of 9 reds tested 

failed to oxidize eugenol or guaiacol (Table A-1-2, Table A-1-3). The 

2 browns (Postelsia [Fig. A-l-lf , Sargassum) also could not peroxidize 
aniline or benzidine (Fig. A-1-23, typical horseradish peroxidase 

substrates. 

Two reds failed to oxidize iodide, whereas 7 reds, 2 browns, 5 greens 

and horseradish peroxidase did so. 

IAA and was more sensitive to azide and cyanide (Table A-1-4). 

that green algae having affinities with the ancestors of land forms 

possess a "lignifying" peroxidase whereas those specializing within 

the marine environment have "variant" peroxidases with more limited 

subatrate ranges excluding lignin precursors. 

In vitro these peroxidases readily oxidize guaiacyl 

Peroxidase from all sources tested oxidized pyrogallol. 

Postelsia peroxidase did not oxidize 

It appears 
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Fig. A-1-1. Postelsia palmaeformis, are annual brown alga with 

erect form as shown here. 

lignified--but more rubber hose-like, and supports the plant body at 

low tide. 

Hollow thick-walled stipe is not woody--or 
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Table A-1-4 

Some Comparative Properties of Purified Horseradish 

Peroxidase and Semipurified Postelsia Peroxidase 

Horseradish Postelsia 

Inhibitors ID50 (mmolesfl) 

(Pyrogallol oxid, ) 

NaN3 9.2 0.8 

KCN 4.8 1.5 

Substrate Classes 

Monophenols 4- 

Guaicyl compounds -b 

Polyphenols (ortho) f 

Aromatic amines + 
Indoles f 

Iodide + 

Heterogeneity 

(Iodide oxid. ) 

Cationic Bands (pH 9) 3 

Anionic Bands (pH 9) 2 

O 

1 (Smear) 
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A-1 <b) Lignification and Gigantism in Mass Gametophytes8 Evidence for 

the Presence of Lignin in Dawsonis and Dendroligotrichum Species 

from New Zealand 

A possible mechanical role far lignification in the upright land 

plant has Tong been recognized. 

studies on reaction wood, that lignification is subject to mechanical 

influences, and, from studies of xylem differentiation and regeneration, 

that it is also affected by non-mechanical factors such as auxin and 

oxygen partial pressure. 

has been confirmed by correlating increased compression farce along 

the stem axis with regular basipital increases in lignfn content. 

LE has also been shown in experimental 

More recently, a mechanical role for lignin 

Admittedly, lignification cannot be treated as the sole factor in 

In particular cases hydrostatic pressure erectness of the plant body. 

may support the aerial axis of aquatic plants, and infiltration of 

cellulose frames with silica provides an important alternative in 

Equisetum, many Graminae and other vascular forms, Nevertheless, 

lignification provides the most general means for increasing the bulk 

modulus of the cellulosic frame and increasing the dimensional stability 

of cells and tissues with respect to desiccation in the dry land 

environment. 

Although the presence of lignin is a constant feature among vascular 

plants, including Psilotum, its distribution otherwise is extremely 

limited. It is reasonable, in fact, t o  generalize that among non-vascular 

plants, lfgnins do not OCCUI: in evident mechanical or supportive capacities 

and are virtually absent except in fruiting structures of wood-destroying 

3as idiomyce tes. 
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Among typical North American bryophytes, lignin is absent from all 

stages in Marchantia, Ricci.a, Jungermannia, and the gametophytes of Bryum, 

Rhodobryum, Mnium, Polytrichum and Funaria, It was observed in the 

peristome teeth of the Polytrichum and Funaria capsules, however. 

a bio-mechanical viewpoint, there is no basis for expecting lignification 

in "low-to-the grcmdtl bryophytes, 

devoid of any substance corresponding t o  lignin. 

author had access for the first time to herbarium specimens of the 

gametophytes of tua giant mosses native to New Zealand, 

of a Dawsonia sp. and a Dendroligotrichum ap. ranged from 35-55 cm in 

length, an order of magnitude taller in general than the moss gametophyte5 

examined previously. 

within the range of vascular plants, includihg semi-woody and woody forms, 

hence making them subject to similar mechanical stresses. 

bryophytes have been characterized as neither containing nor requiring 

lignin in a supporting capacity, ths existence of lignin in some 

peristome teeth and in other non-vascular groups (e.g. basidiomycetes), 

no matter how specialized left open an important question: 

From 

Even the pigmented, durable setae are 

Recently, however, the 

The specimens 

The stze  of these slender gametophytes was well 

Although 

Does the 

distribution of lignin adhere more or less rigorously to systematic- 

phylogenetic lines, or alternatively, as an adaptive character, can it 

be found in groups in which it is otherwise characteristically absent? 

The presence of lignins in substantial amounts in the axes of 

giant gametophytes would immediately support further their assumed 

mechanical role and broaden their evolutionary significance. 

12 



Gametophytes of Dawsonia and DendroliRotrichum_ were provided from 

the collection of Prof. C. L-reux, Department: of Botany, University 

of Hawaii, Analyses of Polytrichum gametophytes collected in New York 

state were carried out in 19SS-SO, and Qsilotwn was collected in the 

Manoa district of Honolulu. 

Preliminary phloroglucinol tests for lignin were positive in 

gametophyte axes, but negative in the leaves of the large m o s s e ~ ~  

Accordingly, axes were stripped free of appendages before aolvent arid 

chemical treatment. Routinely, pulverized axes were extracted with cold 

1M NaHC03, hot SO% ethanol and hot chloroform (100 ml/g dry tissue) to 

remove most organic acids, sugars, amino acids, phenols (including lignin 

precursors), lipids and other solubles that might interfere with lignin 

tests and analyses. These fractions gave negative phloroglucinol tests 

for lignin. 

Ethanolysis was carried out with boiling 9S% ethanol-3% HC1. This 

procedure solubilizes lignin by a combination of solvolysis and 

depolymerization. 

at 50 degrees C/25 m Ng pressure followed by drying at 65 degrees (21'0.1 

mm Ng. 

QSO4 followed by hydrolysis with dilute (e, g. 3%), acid, heutralization 

and washing, 

celluloses, rendering them hydrolyzable in hot dilute acid; Lignin forms 

the insoluble residue. Cuprammonium solution (Schweizer's reagent) also 

removes cellulose leaving lignin largely undissolved. 

material is sometimes termed "cuoxam" lignin. 

Solids were obtained after ethanolysis by concentration 

Isolation oE Klason lignin involves cold digestion with 72% 

Cold strong sulfuric acid swells and partially degrades 

The isolated 

Sodium hydroxide solution, 

solubilizes weakly acidic substances such as phenols, including lignins, 

13 



Standard color tests for lignins include phloroglucinol in HCL, Cross 

and Bevan chlorine-sodium sulfite treatment, pind Maale test, Lignins 

give a characteristic red-violet color with phloroglucinol-HC1; 

chlorination followed by sulfite treatment after Cross and Bevan yields 

a red coloration with angiosperm lignin and a yellow color with lignin 

lErm other sources. 

distinguishes gymnosperm and angiosperm lignins by characteristic brown 

and red color reactions respectively, The syringyl, or pyrogallol 

dimethyl ether group of angiosperm lignin reportedly account8 for the 

color difference. 

for aromatic nuclei, phenols, reducing agents and carbonyl compounds. 

Isolated samples were subjected to nitrobenzene oxidation, releasing 

The M d l e  test-also based upon chtorinat2on- 

Othex standard chemical tests include specific reagents 

compounds characteristic of the monomeric units comprising lignin: 

p-hydroxybenzaldehyde, vanillin and syringaldelyde. The specific alkaline 

nitrobenzene procedure used here was the micromethod of Stone and 

Blundell, however the resultant aldehydes were precipitated collectively 

as their 2,4-dinitrophenylhydrazones, using 10% solution of 2,4-  

dinitrophenylhydrszine in 35% ethanol. 

Elementary and @m.ap analysis for C, H and OCH3 were carried out 

by comercia1 analytical services. 

Frequently direct tissue tests with color reagents are mare sensitive 

Furthermore, tissue provides than the same tests carried out on extracts. 

a vehicle for the successive operations of the Cross and Bevan and Maale 

tests (Table l), 

standards, but actually differs little 3.n response to color tests from 

unextracted material. 

The tissue after treatment 1 is used €or color 

Dawsonia and bendroliaotrichwn gametophytes yield 

I4 



Treatment 

Solvent 

1. Bicarbonate-50% 
Ethanol-Chloroform 

2, Ethanol-HCl 
( "Et hanolys is 'I) 

3. 72% Sulfuric Acid 
("Klason") 

4. Ethanol-HCI on 3 
Re 8 idue 

5 .  Cupralmnonium 

6. 1M NaOH 

Table 1 

Lignin Color Reactions of Gametophyte Tissue and 

their Modification by Solvent Treatmnt 

Species 

Color Test1 Dawaonia Dendro1inotrfchm Polvtrichum Psi lot& 

Phloro$lluciaol 
Cross and Beven 
Mdle 

Phloroglucinol 
Cross and Bevan 
Math  

Phlorog Zucinol 
Gross and Bevan 
mil le 

Phloroglucinol 
Cross and Bevan 
Maele 

Phloroglucinol 
Cross and Bevan 
Maiile 

Phloroglucinol 
Cross and Bevan 
Maule 

RV 
O r  
Br 

RV- 
Or- 
Br 

RV- 
Or 
B r  

L 

or- 
BY? 

RV+ 
Or 
Br 

tr 
tr 
tr 

RV 
Or 
Br 

RV- 
or- 
Br 

RV- 
or 
Br 

0. 

Or- 
Br- 

RV+ 
Or 
Br 

tr 
tr 
tr 

RV 
or 
Br 

RV- 
Or- 
Br 

RV- 
Or 
Br 

.. 
Or- 
Br- 

RV+ 
Or 
Br 

tr 
tr 
t r  

RVSred violet,  Ororange, Br*brown; RV+ * intensified, RV- - weaker, e t c , ,  

tr = trace 

Sporophyte 
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typical  phloroglucinol tests for  l ignin as does the sporophyte of 

Psiloturn, whereas the small gametophyte of Polytrgchum gave only a yellow 

(negative) color, 

a l l  samples but golytxichum, and the Cross and Bevan test yielded an 

orange react ion (as opposed t o  red in angiosperms). Polytrichum was 

negative again. 

The typical  Maale t e s t  of non-angiosperm was given by 

Ethanolysis reduced the in t ens i t i e s  of phloxoglucinol and Cross 

and Bevan tes t s ,  but effected no subjective change i n  the Mdle  brown 

reaction. 

attenuated phloroglucinol reaction, a r e su l t  of par t i a l  destruction oE 

functional groups, bur the Cross and Bevan and MrzUe colors were 

unchanged, 

of phloroglucinol chromogen and reduced i n  other color responses. 

Cupraramonium treatment did not remove a l l  the cellulose, but  enhanced 

the phloroglucinol react ion i n  a l l  samples except Polytrichum but no 

enhancement: was noted in the other color test. A E t e r  alkali extraction 

v i r tua l ly  a€ l  chromogens were removed from the t issue.  

The Klason (72% su l fu r i c  acid) residue also exhibited an 

Ethanolysfs of the Klason residue leaves a material devoid 

Phlcroglucfnol reactions i n  the t i s sues  were complemented by t e s t s  

They show the strong color upon the more important extracts  (Table 2). 

of d l r ec t  ethanolyses, and attenuation of f ract ions from Klason residues. 

Alkali removed nearly all chromogen from the t issues,  but it did not 

yield a strong color, a consequence, possibly uf alkal ine autoxidation. 

The yellow brown solid concentrate from ethanolysis n i t r a t e s  t o  

deep yellow products turning intense orange with excess ammonia water, 

typical behavior of aromatic nuclei, especial ly  phenols (Table 3). 

16 



Solvent 

Table 2 

Phloroglucinol Reactions in Gametophyte Extracts 

SO% Ethanol-Chloroform 

Ethanol -€IC 1 

Ethanol-HC1 on Sulfuric 
Acid Residue 

1M NaOH 

Phloroglucinol Color of  Extract1 

.Illlll-.cI Dawsonia Dendroligotrichum 

I 

RV 

.. 
RV 

RV- RV - 
RVa3 RV - 

Polytrichum 

.. 
Y3 

P s i  loturn2 

.. 
RV 

tr 

RV - 

See Eootnoee, Table 1 

a Sporophyte used 

Color reagent applied to NaOH extracts after neutralization with IiC1 

17 



Reagent 

Cone, HNQ3 

Table 3 

Color Reactions and Chemical Tests with the Ethanol-HCl Fractions 

from Dawsonia and Dendroligotrichum 

NH40H to above 

0.05 M FeC13 in 
95% Ethanol 

Folin Phenol 
Reagent 

Pehlings Solution 

2,4-Dinitropheny lhydraz ine 

Source of 
Preparation React ion Interpretations 

Dawsonia deep yellow aromatic nue leus 

DendroligoW.chum deep yellow aromatic nucleus 

Daws oni a deep orange confirmatory t o  
above 

Dendroligotrichum deep orange conf irtatory to 
above 

Dawsonia pale blue green polyphenol 

Dendroliaotrichum pale blue green polyphenol 

Dewsonia pa le blue phenol 

Dendroligotrichum pale blue phenol 

- 
Daws onfa red-orange ppt. reducing groups 

Dendroligotrichum red-orange ppt. reducing groups 

Daws ani a red ppt. Hibbert Ketones 
or aldehydes 

Dendrolinotrichum red ppt. Hibbert Ketones 
or aldehydes 

18 



Phenolic character was confirmed using FeCI3 and Folin reagent. 

character was also evident, as was the presence of Z,&dinitrophenyt- 

hydrazine-precipi tab le "Hibber t ketones". 

both gametophytes gave qualitatively identical results. 

the ethanolysis product was found to be soluble in hot methanol, ethanol, 

dioxane, NaOH solution and slightly soluble in ammonia, but insoluble 

in water, ethers and hydrocarbons. 

in neutral solvents, bu$ dissolved well in alcohol-acid and alcoholic 

a1 ka 11. 

Reducing 

Ethanolyt ic residue E rom 

Once isolated, 

The Klason isolate vas not soluble 

The ultraviolet absorption maxima at X280-282 mu found in ethanol- 

HC1 extracts from tissues and Klason residues (Table 4) are completely 

typical of most lignins, 

spectral shift to longer waveledgth. Psilotum extracts were similar and 

Polyrrichum extracts pie2ded only weak enddabsorption in the ultraviolet. 

Alkali extracts show the characteristic 

The phloroglucinol-HC1 spectra obtained upon ethanolysis of 

gametophyte t i s s u e  show usual maxima at X540-542 mu together with a 

second maxhuum at a shorter wavelength, 

maximum near A540 m, as do the alkali extracts in all cases. 

Psilotum shows only the usual 

Lignins isolated from Dawsonia and Dendroligotrichum by the Rlason 

method or by ethanolysis gave substantially similar results (Table 5). 

Lignin content ranged from 6.1-10.4% consisting of ea. 6142% C, 

6.4-6,8% H and 5.1-7.9% OCH3. 

those generally reported, but the methoxyl contents found are one-third 

to one-half the usual figures, corresponding to the lignins of young 

or immature tissues. 

The carbon-hydrogen data agree with 
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Table 4 

Spectrophotometric Features of Gametophyte Extracts 

Absorption Maxima (mp) 

Solvent 

Ethanol-NC1 

Species 

pa4Jaon3ta 

Bendroliaotrichum 

,pOlV$$i chw 

Psilotum 

Ethanol-€IC1 from Dawsonia 

W2S04 residue Dendroligot richuxn 

IM NaOH Dawsonia 

Dendroligotrichum 

polvtr ichum 

Psilotm 

Direct 
Ultraviolet 

A282 

A2 80 

- 
A2 82 

12 80 

1281 

X300,3 18 

h295,317 

- 
1301,321 

Phloroglucinol 
Color (visible 

X490,541 

h487,540 

" 

A542 

weak 

weak 

A542 (neutralized) 

A544 (neutralized) 

- 
A540 

20 



Sample 

Table 5 

Analytical Characterlstics of Moss Gametophyte Preparations 

Dawsonia 

by 82504 (Rlason) 

by Erhanol-HC1 

Ethanol-HCl 

Dendrolinotrfchum 

by Ii2SO4 (Klason) 

Aldehydes 
(nitrobenzene) 

Sample wt .  Lignin Composition (%) ma; Hydrazone/IOO mg 
gm 4 g m  c H a 3  Lignin 

0.500 85 61.2 6.8 7 . 9  41.4 

0,425 104 65.1 6.6 6.0 .) 

2,450 61 - - 5.2 39.6 

0.750 70 62.1 6.4  5.1 35.2 
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Lignin samples of 20-50 mg were subjected t o  the nitrobenzene 

oxidation. 

dried, and weighed. 

hydrazone which i s  40.3% vani l l in ,  then 47.4 x ,403 = 19.1 mg, or 19.1% 

of or ig ina l  lignin. 

isolated, contributing 37.8% of the weight of i ts  phenylhydrazone, then 

Their 2,4-dinitrophenylhydraeine precipi ta tes  were washed, 

If they were assumed t o  be the v a n i l l i n  phenyl- 

I f  p-hydroxybenzaldehyde were the so l e  aldehyde 

the yielded would have been 17.9 mg, or 17.9% of the l ign in  sample, 

Although t h i s  lat ter assumptiori i s  ruled out by the substaht ia l  methoxyl 

content, a i t he r  percentage value given f a l l s  i n t o  an acceptable range 

f o r  the aldehydes l iberated by aitrobenzene method. 

According t o  Mord and DeStevens, "It has long been knowni.. tha t  

ear ly  i n  the development of the c e l l  walls of woody t i ssues  o f  vascular 

plants there occurs a change whereby the cel lulose is believed t o  

become;, , what: is geherally described a$ l ignif ied,  '' This statementi 

was set  i h  the context o f  a br ie f  accoudt af the  occurrence of l ignin 

among the ma j b r  subdivisions of the p lan t  kingdomi 

s tudies  idvdlving l ign in  i n  f o s s i l  plants have been carr ied out by 

Siegel, e t  al., and par t icular ly  by Manskaja, who reported vani l l in -  

yielding residues i n  Devonian Pteropsids and, most significantly,  

vanill in-yielding moss remains from the upper Carboniferous. 

of information about l ign in  outside the spermatophytes r e f l ec t s  the 

h i s t o r i c a l  involvement of interest: i n  these substances with wood, wood 

technology and the organic chemistry of natural  products, 

phylogenetic i n t e re s t s  have been i n  p a r t  outgrowths of i n t e re s t  i n  

humus and coal. 

of l ign i f ica t ion  involved development and digferentiation. 

has a l s o  been concerned exclusively with angiosperms, however. 

Comparakive chemical 

The paucity 

Even 

The other i n t e re s t  tha t  has contributed t o  a knowledge 

This aspect 
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Although t h i s  inquiry was motivated largely by the hypothesis tha t  

extensive l ign i f fca t ion  of axial or other support s t ructures  may 

cons t i tu te  a bio-mechanical adaptation, it also carries systematic, 

phylogenetic and comparative biochemistry i n t o  a new area, 

Although one hundred t h i r t y  years have passed, s ince the discoverg 

of l ignins  by Payen i n  1838, it is s t i l l  impossible t o  be both rigorous 

and concise when seeking. t o  define them. 

sharp contrast  t o  other biopolymers--polysaccharides, proteins, nucleic 

acids. 

between l ign in  and the other macromolecules: a)* l ign in  monomera are 

covalently linked t o  one another i n  a var ie ty  of ways; b), there are a 

var ie ty  of monomers; and c), l ignins  are not: subject t o  d i r ec t  f a c i l e  

depolymerization. 

Lignins thus seen stand in 

This apparent d i f f i c u l t y  r e su l t s  from three points of difference 

Z t  does not follow tha t  l ignins cannot be recognized, but ra ther  

that in any novel si tuation--as is the present one=-& large number of 

tests must be applied i n  order t o  es tab l i sh  tha t  an unknown i s  i n  fact 

a generic l ignin.  

t o  accomplish, and t h i s  has been done along the following l ines:  

I n  essenceI t h i s  is a l l  tha t  the writer has sought 

a. Solubi l i ty  

1. Solubi l i ty  pat tern i n  s i t u  

2, 

3. 

4, Ease of ethisnolysis 

Different ia l  so lub i l i t y  in situ end in v i t r o  

Decreased so lub i l i t y  of Klason preparation 

b, Color Reactions 

1. 

2. Phenol tests 

Phloroglucinol, Cross and Bevan, Maule tests 
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e. Chemical-Spectrochemical Properties 

1, Ultraviolet absorption 

2. Presence of 2,4-Dinitrophenylhydraeone-forming derivatives 

af t  el: e thano lys is ( “hi bbe r t Ketones ‘I) 

Alkaline nitrobenzene oxidation to phenylhydrazone-forming 

products 

3. 

4. Elementary and Mefhoxyl content 

Although samples were insufficient t o  permit many other desirable 

tests to he completed including infra red spectrophotometry, 

hydrogenolysls and sodium scission in liquid amcuonia, no other class of 

substances known conforms t o  the observations and analytical data 

reported here. 

Lignin i s  therefore established as a significant constituent (up 

to 10%) of the moas gametophyte axis, but only in two cases involving 

gigantism, and not: in Polytrichum, four other mosees and three liverworts. 

This lignin is largely conventional in its properttes as far as they 

have been explored. 

lignin lacking the ayringyl group. 

absent in e;ysnnosperma, the proportion of p-hydroxyphenyl-and guaiacyl- 

(or 4-hydroxy-3-methoxy-phenyl-) groups in them yie Ids the average 

methoxyl content of about 15% and a vanillin content (from guaiacyl-) 

of 20-22%. 

perhaps l4-18% mixed aldehydes. 

The Cross and Bevan and P M l e  tests indicate a 

Although this group is typically 

The moss lignin contains only 5-8% methoxyl and yields 

It i s  anticipated that further support among mosses and other 

cryptogamic plants for the proposed bio-mechanical basis €or lignification 

will entail devehpmental analysis, biosynthetic measurements and 

experimental variations in mechanical and gravitational stress factors. 
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A-2 (a) Survival and Growth of the Larvae of the  Ilealwom Tenebrio 

- molitar in Centrifugal Fields  of 25-100 g. 

T M s  program is concerned with respomes of plants  to the  absence 

of gravity. 

h y p e r g  experiments were 21180 carried out  w i t h  plants  and a few 

animal form. 

In order to  proceed within a wider conceptual frawork,  

Relatively long-term expefiruenter were conducted with the  mealworm- 

over tes t  periods of 5.5 months. 

placed on f a r ina  i n  plastic:  bottles on the  centrgfuge. 

concentric posi t ion on the centrifuge, a to ta l  of 300-500 animals 

were used. 

meet t h e i r  needs metaboUcally. 

tdcen a t  widely spaced intervals .  

Four t o  six week old larvae were 

A t  each 

Exogenous water was not  required as the larvae appear ta 

Survival counts and weight  data were 

Control (1 g) survJva1 ranged around ca. 95% throughout the tesl; 

period. 

appreciably at higher p v a l u e s  (Fig. 2a-1). 

were alive a t  25 g:, ca, 12% at 50 g, car 3% a t  75 g and Bone at  100 g. 

Although some 15-20X of 1 g animals inAtiated metamorphosis a8 pupae 

during the ove ra l l  perfod, none of those under centr i fugal  stress 

showed signs of doing SO. 

After 8 weeks survival was reduced somewhat ar 25-50 g and 

After 22 weeks, ca, 40% 

Control animals weight gain over the test period was in excess of 

150%. 

weight at 75 and 100 g (Fig. 2a-2). 

group still. pers is ted in wefght gain, 

lost weight, bu t  that loss was xninrlmal at  25 g. 

Evea a t  25 g, animals gained only 50% i n  8 veeks, and f o s t  

After 18 weeks, only the  25 g 

After 22 weeks, a l l  groups had 
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Fig. A-2a-1. Survival curves for Tenebrio larvae under 

centrifugal acceleration at 25-100 g. 



Fig. A-2a-2. Weight change curves as % initial value in Tenebrio 

larvae under centrifugal acceleration at 25-100 g. 



A-2 (b) Seed Germination and Seedling Growth in Centrifugal Fields 

of 25-100 g 

Seeds of mung bean, cucumber and winter rye were incubated at 24'C 

in polyethylene tubes. 

substrate and just covered with water. 

centrifuged at 25-100 g for 72 hrs. 

In each tube, 5 seeds were placed without 

In the first run, seeds were 

Illumination vas daylight fluorescent at ea. 200 f t - c  for 12 hrs/24 

hr the remainder being in darkness. Measurements after incubation 

showed suppreesion of germination and growth (Figs, A-2-b 1 and 2), 

Germination remained essentially at car 100% up to 50 g, but fell 

somewhat at 100 g; rye - 80%; cucumber - 71%; and mung bean - 38%. 
the latter species showed depression at 50 g-ca, 72% germination. 

(coleoptile) reduction in rye was observed, but was still persistant 

in most seedlings at 100 g, 

Thus rye roots were inhibited completely at 50 g, 

produced shorter radicles, but even at 100 g root growth was ca. 50% 

of its l-g value, 

less than loo%, ca. 20% of l-g controls. 

Only 

Short 

Sensitivity of radicles to hyper-g differed. 

Cucumber aeedlings 

Mung bean radicles also held at: a maximum inhibition 

A better line of comparison is probably SO% inhibition of root 

growth t 

Interpolated g 

13.5 

24 

16 
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Although rye was most severly inhibited a t  100 g, i t  was fur ther  

studied i n  p a r t  because it lacks the resis tance shown by the other 

species. 

during continued incubation (Fig. A-2-b-3) as the m l a t i v e  figures show: 

Recovery from i n i t g a l  "shock" of 100 8 seems t o  take place 

Incubation a t  100 g Relative Growth at 100 g ( X )  

Shoot Root 

3 Days 14 0 

7 Days 443 51 

Goleoptilar thickness is unaffected, although length is reduced, 

Pronounced curvatures a re  also giving seedlings a stubby appearance. 

charac te r i s t ic  of these hyper-g coleoptiles.  

The dwarfing o f  these seedlings suggested a possible upset i n  

hormonal re la t ions,  A few experiments were sat up t o  t e s t  response t o  

exogenous regulators. Some resul ts ,  especially those with g ibbere l l ic  

acid (GA3) were of in te res t ,  but experimental populations subdivided 

for dose-response measurements were too small and addi t ional  experiments 

are required. 

i n  i t s e l f ,  and worthy of Serious study. 

It is obvious tha t  hyper-g s tunt ing is 8 basic phenomenon 



Fig. A-2b-3. Comparative growth of rye  seedl ings  f o r  7 days a t  

1 g and 100 g. Above r u l e  - 1-g cont ro ls .  Below r u l e -  100-g p lan ts .  



A-3 Experimental Xnduction of Lignification i n  Mangrove Seedlings 

(Bhizophora mangle) 

Seedlings of the mangrove (Rhizophora spp, primcZpally 5. mangle, 

fig. A-3-1) are produced from embryos released from the parent tree 

free of cotyzedons and maternal tissues. 

low center of mass, they tend to land upright imbedded t o  a depth of 

t?ith an aerodynamic form and 

perhaps one centimeter ia the muck of the ir  swamp habftat. 

studies  concerned primarily with e f f ec t s  of s a l i n i t y  and O2 on growth 

o f  the seedling it was observed that slices from the starch-packed 

During 

hypocotyl, which comprises the bulk of the young plant,  became pink, 

then brown, almost instantaneously i n  air, but  not under If2. 

t ransfer  to cyanide solutions o r  boi l ing water also re tards  tissue 

Bapid 

discoloration. 

There appears to be present in mangrove both a phenol oxidizing 

syscem and a sizeable  supply of phenolics. In addition eo leuco 

compounds, there are epidermal and hypodermal cell layers r lch  i n  an 

anthocyanin readily extracted with tiC1-ethanol. 

been ident i f ied ,  but has B color quSte similar to  cyanidin. 

Thi5 compound has not 

U s e  of the 

phloroglucinol test fo r  l ign in  is  rendered qui te  d i f f i c u l t  by the  

intense red color appearing i n  flC1-ethanol, but the Cross and Bevan 

reaction-generation of a red color in l ign ins  by treatment with 

chlorine then Mx401i o r  Ha2503 solution--can be carr ied out i n  the 

presence of phenolics, including flavonoids, wlthout interference,  

It was found tha t  the mangrove hypocatyl yielded at bes t ,  a 

diffuse pale red color when s l i c e d  and run successively through 

HC1-5% NaOCl (15-18 hrs), water rinse, and Ha,S03 (sat 'd  aq.) or 
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Fig. A-3-1 .  Young mangrove seed l ing  s e v e r a l  weeks a f t e r  being 

shed. 



MT40EI ( 5  min). 

Rhizophora bearing wood-like necro t ic  l e s i o m  on the hypocotyl 

typical ly  showed cy dense posi t ive red color around and within the 

woody t issue,  bu t  not i n  tissues several centimeters away from the  

necrot ic  zone. 

seedlings eventually become sizeable  trees, the v i r tua l ly  unlignified 

juvenile stage i t s e l f  can be tnducad t o  Eo'LM localized centers of 

l ign i f ica t ion  as a resulr of infect ion or other bfopathic states. 

Further evidence fo r  this comes from a general phenomenon well 

known to  phytopathologis ts of i so l a t ing  infect ion loci-in leaves 

f o r  example--by laying dam a c i rcu lar  wall of quinonofd compouilds 

and lignin, 

fn  contrast ,  sections taken through specimens of 

Thus it was suggested that althouzh mangrove 

Mangroves 6-9 inches long can hoJd ca. 0.5 ml water, injected 

via hypodemnxLc. 

a strong lignin color can be developed by Cross and Bevan treatment 

immediately around the puncture (Fig. A-3-2) and not  elsewhere. From 

a consideration of this finding and the s i t ua t ion  created around 

infect ion centers, additional seedlings were injected with e i t h e r  

0 .5  ml of lOn4i<l poly-l-lysine, o r  0.5 m l  of 10m3M coniferaldehyde. 

I?hen water alone is injected,  within ca. 10 days 

Again, within 10 days, Cross and Bevan color patterns were 

developed, 

spread reaction whereas the l ign in  precursor produced a moderately 

strong posi t ive reaction zone surrounded by a less intense zone 

suggestive of a diffusion pattern.  

They showed t h a t  polylysine induced an intense, wide- 
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Fig. A-3-2. Cross and Bevan color reaction on mangrove slices. 

Left to Right: Control plant; water-injected; polylysine injected; 

coniferaldehyde-lysine. 



The s t r ik ing  e f f e c t  of polylysine warrants spec ia l  c o w n t .  

Polylysine was discovered by the invest igator  t o  increase membrane 

permeability and has been discussed prevfously i n  connection with 

our interest in membrane function as a fac tor  i n  stress resistance. 

It appears eo operate by displacement of membrane Ca-ion. 

These data suggest t ha t  membrane pemeabl l i tg  nay be a limiting 

fac tor  i n  l ign i f ica t ion  i n  mangrove, and tkat eSther an increase i a  

permeability o r  an ac tua l  membrane breakdown m y  init iate some 

essen t i a l  s tep  in the process. These wmbrane changes may be brought 

about by cheeical means, mechanical disruption, o r  microbia3 action, 

or presumably, i n  the course of normal cel l  maturation and senescence, 

Further, it is not evident whether we are considering the cell 

membrane i t s e l f  or, more probably in t e rna l  limiting membranes 

providing compartmentation of lignin-determining biochemical s teps  

or reactions 

The next phase i n  this study was the exposure of seedlings to  

hyper-g conditions i n  the centrifuge (Fig, A-3-3). 

25 and 75 g ,  plants  were removed, sectioned longitudinally and 

t rea ted  for  l ign in  colo~ development, 

it may be concluded tha t  an a r t i f i c i a l  gravi ta t ional  stress catl induce 

l ign i f ica t ion  (Fig, 11-3-41. 

water and hot ethanol f a i l ed  t o  alter the pattern. 

procedures sharpened the color differences by removing small soluble 

chromogenic molecules 

After 2 weeks at 

From the obsewat5ans made, 

Pre-extraction of the t issues  with hot 

Indeed, such 
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Fig. A-3-3. Cent r i fuga t ion  of mangrove seedl ings.  Upper Le f t  t o  

Lower Right: a c c e l e r a t i o n  of s eed l ings  from s t o p  t o  f u l l  speed. 



Fig. A-3-4. Effect of 2 weeks of 25-15 g upon Cross & Bevan 

color for lignin. Above: Conformation of plants; Below: induced 

color reactions in seedling slices. 



If the categories of experiment described are taken together, 

it appears possible t o  equate some of the e f f ec t s  of compression 

forces with those of mechanical and chemical. a l te ra t ion  i n  

permeability and mAcrobi&ly induced necrosis, thereby suggesting 

tha t  gravitational-mechanical stress may operate t o  set i n  morion 

a chain of biochemical events by acting i n i t i a l l y  upon membrane 

permeability. Logically, there m u s t  be genetic and perhaps 

developmental determinants of the a b i l i t y  to  become l ignif ied.  

Elodea, an aquatic aagioeperm has l o s t  its a b i l i t y  to  become 

l ign i f i ed  because i t  cannot make precursor hence is genetically 

incapable of such responses. 

w e l l  developed vascular bundles are subjected to extreme 

deformation by tying branches back on themselves (Fig. A-3-5). 

There i a  no indicat ion of enhanced l ignif icat ion.  

will regenerate xylem when it is  cut experimentally, but does so 

i n  an already determined geometric pattern. Perhaps the juvenile 

character of the mangrove was important i n  predisposing the plant  

t o  the kinds of changes noted hare, 

then mature Coleus pXants which have 

mese plants  

Even given the unrepressed genetic capabi l i t ies  and su i tab le  

stage i t  does not  follow that the membrane deformation hypothesis 

can be applied to the  0 t o  1 g range as  i t  appears t o  under hyper-g 

conditions. It: is however a poss ib i l i ty  well worth investigating. 
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Fig. A-3-5. Mechanical t reatment  of Coleus branches: An e f f o r t  

t o  s tudy induced p a t t e r n s  of l i g n i f i c a t i o n .  



B , INITIAL EXPERIFISNTS WITH HYPO-G SIMJLATIOM USIIIG CUCUMBER SEEDLINGS 

1. General Growth Characteristics of Cucumis sa t ivus  var. 

Black Diamond 

Many years of experience have sham cucumber t o  be a highly 

r e l i ab le  experimental plant  f o r  growth s tudies ,  

rapid and seedlings grow with l i t t l e  care or  maintenance fn media 

such as vermiculite €or periods of a t  least two weeks. 

seeds do not support growth of fungi o r  bacteria as readi ly  as 

seeds of many leguminous and cereal species used in the laboratory, 

I n i t i a l  increase i n  axial fresh weight ( root  4- hypocotyl without 

cotyledons) and t o t a l  length (hypocotyl t i p  t o  primary root t i p )  

is exponential (Fig, B - l - l ) *  

t o  rise, then f a l l  whereas l i gn in  content shows a stepped rise, 

This l ign in  determination was carried out by the  Klason 72% s u l f u r i c  

acid method which tends t o  y ie ld  high values i n  young t i s sue  by 

means of i ts  dehydrating e f f e c t  on polysaccharides. As w i l l  be 

Seed germination is 

Cucumber 

D r y  matter content of the axis tends 

fur ther  seen below, ana ly t ica l  methods for l ign in  have been given 

consideration. 

Other feature8 of cucumber seedling growtli of value nclude 

tolerance t o  a wide pH range-ca. 3 t o  11-and to  moderate s a l i n i t y ,  

ca. 1% WaC1. 
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3. INITIAL EXPERIMENTS WITR HYPO-G SlMyLATION USING CUCUMBER SEEDLINGS 

2, Experimental Hypo-g Regimest Aquatic medta and the clinostat 

The Klason technique for lignin determination tends to give 

erroneously high values, but in comparisons run between the Klason method 

and a quantitative adaptation of the well known phloroglucinol (or  

Wiesner's) test, a satisfactory correspondence was established. 

The phloroglucinol test was first: converted to a quantitative 

photometric procedure in 1960 (Plant Physiol. 35, 163-167). In the 

present modification, oven-dried tissue is first pre-extracted in hot 

95% ethanol for 30 min. ca. 25 ml per 0.1 gm dry matter then in hot 3% 

HC1 in ethanol. 

precursors that might interfere with the color reaction. 

The pre-extraction with neutral ethanol removes monomeric 

To the acid-ethanol extract after cooling i s  added an equal volume 

of 1% phloroglucinol in ethanalic HC1 1:1 by volume and the optical 

density (0,D.) determined at 540 mp after 30 seconds, 

oE density readings to lignin (as % of dry wt.) was 

The conversion 

based on the 

satisfactorily low Klason readings -- all under 5% -- and reasonable 
correlation with the phloroglucinol method which has an independent. 

basis. For any sample the following relationship was established: 

o.D. x ml extract x 0,s 
gms of dry wt. extracted 

= lignin as % dry wt. 

Three variant forms of  aquatic technique have been tried, but they 

have not yet been set up on a strictly comparaEive fashion. These 

procedures include static aquarium, wherein plants grow from seeds 

fixed in position, aeration being accomplished without disturbance; the 

slow current aquarium, with water moved by the aeration stream (Fig. B-2-1 

and B-2-2); and the high turbulence system effected by forcing air from 
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Fig. B-2-1.  Two p i c t u r e s  of win ter  rye  seed l ings  i n  t h e  slow 

cu r ren t  aquarium taken a t  30 seconds showing ex ten t  of movement. 



Fig. B-2-2. Ten day old flat-grown and water-grown rye seedlings 

compared. 



beneath through water contained i n  an ordinary 1-3 l i t e r  aeparatory 

funnel. 

vigorous motions ye t  a re  permitted no net orientation, 

profoundly affected by t h i s  technique (Fig, 3-2-3). 

Seeds, and subsequent seedlings are subjected t o  continuous 

Growth is 

One var iant  form of the s t a t i c  cul ture  deserves mention as a 

h i rher to  untried method; namely the  l iquid-liquid system (Fig, B-2-4). 

Some seeds can be germinated and seedlings grown supported a t  a l iquid- 

l iquld interface provgded tha t  the upper layer is gently aerated and the 

underlayer i s  immisable with water, and higher i n  spec i f ic  gravity. 

Within the l imitations imposed by morphology and experimental 

conditions aquatic media a f f ec t  root or ientat ion i n  a manner consistent 

with a reduced gravi ta t ional  stimulus (Table B-2-1). The response may 

involve frequency of negative geotropism or  root-hypocotyl angle. The 

latter eventually approaches 180" i n  conventional culture, but never 

exceeds 90' great ly  i n  aquatic media. 

experimental c l inos ta t  (Fig. B-2-5) show the same angular root-hypocotyl 

re la t ionship found i n  aquatic cultures,  

Cucumbers cultured on the 

With respect t o  growth patterns (Table B-2-21, ordinary Elat-cultured 

seedlings (vermiculite) were compared with plants grown i n  gas phases 

of 5% 02 and 1% O2 respectively. 

by Siege1 e t  al., ( i n  Briggs and Mamikunian, eds "Current Aspects of 

Exobiology", JPL Report publ. by Pergamon Press, 1965) cucumber seedlings 

grown i n  5% O2 a re  longer and heavier than those grown i n  ai r .  

02, growth is 02-limited. 

Vole % 02 and oxygenated water, ea. 4 vol % 

enough t o  the  gas phase levels  to  permit comparison: -- oxygen aquatic 

Consistent with e a r l i e r  work summarized 

Zn 1% 

Aerated water contains, a t  saturation, ca. 0.8 

These figures are  close 
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Fig. B-2-3. Cucumber seed l ings  a t  10 days. Left :  f l a t  grown 

i n  vermicul i te .  Right: growth i n  tu rbu len t  water. 



Fig. B - 2 - 4 .  Onion seed l ings  7 days old grown a t  t h e  i n t e r f a c e  

between water and Dow fluorocarbon. 

ca. ten-fold g r e a t e r  t han  water, but t h i s  i s  not d i r e c t l y  r e l e v a n t  

t o  t h e  experiment. 

The l a t t e r  has on 02 s o l u b i l i t y  



Fig. B-2-5. Views of experimental clinostats with culture vials 

-1 = w2r g-l w h e r e  g = ag w = angular %el re1 attached. Given-- 

-1 -2 velocity in  rev. x sec and g = 980 cm x sec . In these clinostat 

experiments r = 9 cm and W = 0.11 rev. x sec , then g = 1.1 x 10 g. -1 -4 
re1 



Table B-2-1 

A Comparison of  Root Orientation i n  Aquatic and Conventional Media 

Cultured Plant Medium 

10 Day Winter Rye Vermiculite 

7 Day Onion Vermi ca 1 it e 

10 Day Boussingaltia Vermiculite 

7 Day Cucumber Vermi cu li t e 

10 Day Winter Rye 

7 Day Onian Liquid-liquid in te r face  

10 Day Boussingaltia Stat ic  Aquarium 

7 Day Cucumber S t a t i c  Aquarium 

Slow Current Aq. 

High Turbulence Aq. 

S t a t i c  Aquarium 

Clinostat  1 

Clinostat  2 

Orientrit ion 

Root- Nesat ively 
Hypocot y 1 Geotropic 

Roots 
Angle (Est'd %) 

" 0 

I 0 

0 

135" 0 

- 

.. 25 

- 45 

* 15 

88" 12 

91" " 

9 7" - 
ca, 90" 

ca. 90" .. 
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Table 8-2-2 

A Comparison aE 7-Day Growth Patterns 

for Cucumber on Experimental Regimes 

Medium Length (mmn) Fresh W f  (mg) Dry wt (ms) 

Vermiculite (air) 8249 107k12 13A18 LWt24 6,&1.1 6,Ml.O 

Vermiculite (5% 02) 110 204 195 240 5.6 7.2 

Vermiculite (1% 02) 6 - 5 L) 0 . 3  I) 

Slow Current Aq/air 75 58 77 165 2.8 5.3 

Slow Current Aq/02 55 85 85 2 19 1.1 6.0 

High Turbulence Syst. 21 20 40 100 1.9 3 .3  

Clinostat 2 31 45 120 120 29.4 4.3  

Clfnosrat Controls 

Vertical Static  98 89 80 210 13.4 7.0 

Horizontal Static  85 61 70 140 14.9 5.4 
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vs. aerated aquatic, SX gas phase VS. oxygenated aquatic and 1% gas 

phase vs. aerated aquatic. 

gas phase plants exceed those i n  the owgen aquatic regime, whereas the 

opposite is markedly the caee whea the lower oxygen levels  a re  compared, 

Thus 1% O2 cannot support the growth 04 cucumber seedlings a t  an 

appreciable rate i n t o  the gas phase, but can do so whea supplied i n  

solut ion i n  a buoyant medium. 

I n  most respects, growth parameters i n  5% 

With respect to 0 Supply, aerated aquatic media, whether slow 2 
current o r  turbulent type should have been equivalent. 

the  two regimes a re  of course qui te  different ,  and every growth parameter 

shows t h i s  difference i n  terms of marked reduction in t he  turbulent 

systems. Nevertheless, the seedling produced a f t e r  7 t o  10 days of 

cul ture  is sturdy and deep green {see Fig. 312-3). 

Mechanically 

A consideration of the  growth pat tern yielded on the c l inos t a t  must 

f i r s t  center about proper  control^, Although flat-grown seedlings can be 

used i n  8 sense as ultimate controls, the f ac t  of de l tbera te  or ientat lon 

requires tha t  the horizontal  s t a t i c  cul tures  be used as primary standards 

fo r  comparison (Fig. B-2-6). 

The two general regimes used in these experiments both involve 

hypo-g components operating for aomewhat di f fe ren t  reasons, 

media of fe r  a buoyancy fac tor  whereas the c l inos ta t  makes possible the 

summation of g-forces uniformly around the  main axis of growth. 

addition, the aquatic medium can be used ta randomize the or ientat ion 

of suspended plants. X t  is not possible t o  judge the respective merit8 

of l imitat ions of these procedures a t  present, and w i l l  only be subject 

t o  c1 comprehensive cri t ical  analysis when comparisons can be made with 

in- f l igh t  data, 

The aquatic 

h 
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Fig. €3-2-6. Axes of cucumber seedl ings  from t h e  c l i n o s t a t  

( l e f t )  and h o r i z o n t a l  s t a t i c  groups ( r i g h t )  a f t e r  7 days. 



Certain relationships between lignin and experimental conditions 

are of particular interest (Tables 8-2-3 and 3-2-4, Fig. 34-7). 

(a) In the gas phase, hypocotyl lignification is markedly O2 limited, 

whereas root lignification capacity is saturated at ea. 5% 02. 

(b) Growth of both organs seems to pass through an optimum at 

5% 02. 

(e) At the higher 02 levels, hypocotyl lignin and linear extension 

are inversely related, a relation barely evident in the root. 

(d) In aquatic media, both root and hypocotyl lignification are 

02- united. 

whereas hypocotyl growth and lignin content are not. 

Here root growth and lignification are inversely related 

(e) Lignification is reduced in aquatic media relative to vermiculite 

( a i r ) ,  particularly in the hypocotyl. 

(f) Although lignin is also reduced in the turbulent system, the 

reduction is not: as great as in the slow current medium. 

reflect a response to mechanical stimuli of a turbulent system. 

This may 

(9)  Relative to comparably grown seedllngs in vermiculite vials, 

lsgnification is reduced on the clinostat, but more so in the r o o t  than 

hypocotyl. The most valid reference is presumably the horizontal vial. 
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Table 0-2-3 

A Comparison of Lignin Contents of 7-Day Cucumber Seedlings 

on ExperimenCa1 Culture Regimes 

% of Dry Wt. 

Root Hypocotyl 

Vermiculite (air) 

Vermiculite (5% 02) 

Vermiculite (1% 02) 

Slow Current Aq. /ALr 

Slow Current Aq./O 

High Turbulence Syst, 
2 

CIinoatat 2 

Clinostat Controls 

Vertical Static 

Horiaontal Static 

1,97;CiO, 42 1.66kO. 31 

1.52 0.8% 

0.63 - 
1.21 0-91 

1.65 1.01 

1.34 LO8 

0.34 2.42 

1.30 

1.00 

3.03 

3.72 
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Table B-2-4 

Calculated 5% Lignin under Experimental Culture Regimes 

Root Hypocotyl 

Slow Current Aq. (Air) 

vs %Vermiculite (Air) 

vs % Vermiculite (1%) 

Slow Current Aq/02 

vs % Velemiculite (Air) 

vs % Vermicultte (5% 02) 

High Turbulence SySt .  

vs 2, Vermiculite/Afr 

vs % Slow Current A q I A i r  

Clinostat 2 

vs % Vertical Stat ic  

vs % Horizontal Static 

-2 7 

4-92 

-1 

+7 

*2 0 

4-11 

-74 

-67 

- 53 
- 

-48 

+15 

-45 

+18 

-2 0 

-35 
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Fig. B-2-7 .  Oxygen relations in lignin content and linear growth 

in 7-day cucumber seedlings in gas phase and aquatic cultures. 
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